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The purpose for this research was to develop cone 5-6 crystalline glazes 
which will provide the potter with well-formed and large-sized crystals .  
This firing range was selected for two reasons.  First, very little 
information is available on crystalline glazes at this temperature range; 
and secondly, an attempt at conserving energy is being made by firing at 
this lower temperature. 
Data obtained through this crystal research was gained via a series 
of 10 test firings. The kiln used for the testings and developing of the 
firing schedule for the Cones 5-6 crystal glazes was a Unique Kilns 
0 Model 2430, having a maximum temperature of 2350 F .  
Several firing schedules were developed and tested. The firing which 
seemed to provide the best results brought the glazes to their maturing 
temperature in seven hours. Once this maturing temperature was reached 
a 1 0  minute soaking period was provided to allow all of the ingredients 
to enter into solution. The kiln was then shut down and the temperature 
was held for 3� hours with a variance in temperature of ± 20°F. 
Of the twelve base glazes developed, four base glazes appeared to 
provide crystals with some consistancy. These four base glazes were II, 
V, XI, and XII .  Their empirical formulas are as follows : 
Base Glaze II 
. 3 3  Na2 o 
.18 Cao 
.48 ZnO 
. 066 AL2o3 
. 200 B2o3 
1 . 90 Si02 
Base Glaze v 
. 3 3  Na2o 
. 20 Cao 
.47 ZnO 
Base Glaze XI 
. OS Li20 
. 2 7  Na2o 
. 10 Cao 
. 58 ZnO 
Base Glaze XII 
. 1 2  Li20 
. 1 1  Na2 o 
. 35 Cao 
. 53 ZnO 
From the above 
developed which had 
in diameter. 
. 066 AL2o3 
. 200 B2o3 
. 045 AL2 o3 
. 093 B2o3 
. 097 AL2o3 
. 200 B2o3 
2 
1 . 7 6 Si02 
1 . 57 Si02 
1 . 59 Si02 
mentioned base glazes , fourteen crystal glazes were 
produced crystals ranging from O. Scm to 1 . Scm 
These glazes were as follows : IIf, Ilk, Ill,  IIm, IIo , IIr, IIs,  
IIt , Va, VIIIa, XIc , XIId, XIIe and XIIf. 
Glaze IIf 
Glaze Ilk 
Glaze Ill 
contains 1 . 0% titanium oxide and 4 . 0% manganese oxide 
crystal size: 1 . Scm 
contains 1 0 . 0% titanium 
crystal size: 0 . 6cm 
contains 8 . 0% rutile and 6 . 0% iron oxide 
crystal size: O. Scm 
Glaze IIm 
Glaze IIo 
Glaze IIr 
Glaze IIs 
Glaze IIt 
Glaze Va 
Glaze VIIIa 
Glaze XIc 
Glaze XIId 
Glaze XIIe 
Glaze XIIg 
3 
contains 1 . 0% copper oxide,  0 . 3$ iron oxide 
crystal size: 1 . 0cm 
contains 6 . 0 %  titanium, 0 . 6% copper oxide , 2 . 0% 
iron oxide 
crystal size: 0. 5cm 
contains 0 . 5 %  nickel , 2 . 0% granular rutile 
crystal size: 0 . 3- 1 . 0cm 
contains 0 . 6 %  iron oxide, 2 . 0% copper oxide 
crystal size: 0 . 5-1 . 0cm 
contains 10.0% titanium and a sprinkle of cobalt 
carbonate 
crystal size: 0 . 6- 1 . 0cm 
contains 6 . 0% titanium oxide , 6 . 0% iron oxide, 
2 . 0% copper oxide 
crystal size: 0. 5cm 
contains 1 0 . 0 %  titanium oxide 
crystal size: 0 . 6- 1 . 0cm 
contains 2 . 0% nickel oxide 
crystal size: 0. 5cm 
contains 6 . 0% iron oxide 
crystal size: 0 . 4-0. 7cm 
contains 2 . 0% rutile, 3 . 0% copper carbonate , 3 . 0% 
iron oxide 
crystal size: 0 . 7cm 
contains 2 . 0% lithium carbonate, 3 . 0% nickel oxide 
crystal size: 1 . 0cm 
4 
The majority of the glazes tested developed better crystal structures 
when fired at Cone 6 ;  with a drop to a holding temperatur� which was 
0 100 F below what the pyrometer read when Cone 6 went down ; and a holding 
period o f  3� hours.  It appears that those glazes which produced crystals 
with some consistancy contained either titanium dioxide or lithium 
carbonate. 
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FORWARD 
Crystalline glazes are one of the most fascinating ceramic 
areas to explore. These glazes are intriguing because of the many 
unusual crystal structures which are produced , as well as the many 
unexpected colors obtained from these glazes. 
The author became caught up in this fascinating area of glaze 
research through the ceramic works of Herbert H .  Sanders. Sanders first 
began working in crystalline glazes in 1931 and for the past 16 years 
has been working exclusively in this area. Many potters consider 
Herbert H .  Sanders to be the leading contemporary exponent of crystalline 
glazes . (1 : 15) 
The purpose for this research was to develop cone 5-6 crystalline 
glazes which will provide the potter with well-formed and large-sized 
crystals . 
This firing range was selected for two reasons.  First, very 
little information is available on crystal glazes at this temperature 
range, and secondly,  an attempt at conserving energy is being made 
by firing at this lower temperature. 
ix 
CHAPTER I 
Part 1: Introduction 
What are crystalline glazes? A crystalline glaze is a devitrif ied 
glaze having a low equivalent of silica, little or no alumina, and a 
saturation of chemical oxides from the RO group . It  is the compounding 
of the RO group and the silica which is primarily responsible for the 
crystallizing of the glaze composition, with the time-temperature 
cooling period determining the crystal ' s  size and shape. 
Crystal glazes may be divided into two classes. First, those 
in which the crystals are formed by what is ref erred to as the super­
saturation method ;  and second , glazes in which the entire mass has 
crystallized. (1 1 :  186) 
The first class is made up of Adventure glazes , which are formed 
by a mixture of one or more metallic oxides . In the cooling stage this 
glaze is incapable of holding the excess oxide s ,  hence they crystallize 
within the glassy matrix. (1 1 :  186) The crystals are observed as minute 
scales and flitters suspended beneath the surface of the glaze. ( 2 :  542) 
The second.class comprises the true matt glaze, whose whole 
surface is covered with microscopic crystals ,  and the glazes in which the 
surface is covered completely or partially with well developed crystals. 
( 2 :  542) 
Successful crystal development is dependent upon four very 
important things : 1 )  The chemical character and physical properties of 
the solvent glaze; 2) The basic oxide used to form the silicate which 
saturates the glaze and eventually appears as the crystalline compound 
during cooling; 3) The temperature and duration of the firing or burn; 
and 4) The time-temperature related cooling period. ( 2 :  544) 
Part 2 :  Related Research and Literature 
in Crystalline Glazes 
The first report of the preparation of crystalline glazes was 
made by Ebelmen about 1847-52. (2:543) These glazes were produced at 
Sevres, France ,  during the latter part of the 19th century. The royal 
porcelain factories of Copenhagen and Berlin began crystal experimen­
tation shortly thereafter. American made crystal glazes were first 
exhibited at the Columbian Exposition of 1893 , by the well-known Rockwood 
factories . These crystal-forming glazes were highly acclaimed by many 
eminent European potters. (2: 543) 
When developing crystal glazes, an understanding of the ceramic 
materials which provide the most favorable results is imperative to 
success. Ray T. Stull in "Notes on the Production of Crystalline Glazes" 
(11 : 187) indicates : 
1 .  The strongest crystalline tendencies are given to a 
glaze by those elements of low atomic weight whose oxides 
make up the RO group . These elements are sodium, potassium, 
magnesium, calcium, manganese, iron , and zinc. 
2 .  Metals of high atomic weight , such as barium and lead 
when used in large quantities tend to make the glaze glossy 
and seems to be unfavorable to crystallization. 
3 .  Chemical elements of high atomic weight which make up 
the acidic portion of a glaze form the best crystallizing 
agents .  Those elements making up this group are silica, 
titanium, and phosphorus to name a few. 
4 .  The introduction o f  an R2o3can assist crystal formation in some cases, while in other �nstances it can be very 
detrimental . 
The extensive work of Tammann shows that crystallization occurs 
in two steps: first, there is the formation of the nuclei; and secondly, 
there is the growth of the nuclei by added atoms or group of atoms in 
a systematic manner. (4 : 1 91)  Tammann also indicates that crystals occur 
3 
in two manners: (a) one in which the nuclei formation and growth takes 
place at the same temperature range, and (b) one in which the nuclei 
formation and growth do not overlap . The first condition is known as 
Spontaneous Crystallization, while the second condition is referred to 
as Controlled Crystallization. (4 : 1 91)  The latter condition is the 
manner of crystal occurance which most potters desire for it permits them 
to be able to control both the size and shape of the crystals formed. 
Large crystals may be grown only if they are needlelike or 
platelike (monoclinic or hexagonal) for cubic crystals can only reach 
a size responding to the glaze thickness. ( 4 : 1 9 1 )  
Many interesting crystal shapes and patterns are created during 
a firing ; however , they are quite unpredictable. Some of the shapes one 
might obtain are: fern shapes ,  similar to those which appear on galvanized 
iron, frost crystals found on windows, sunbursts,  flower forms , butterfly 
forms, rods, fans,  circles , and rods which fan out at the end s .  These 
crystal shapes sometimes are arranged in clusters, scattered patterns, 
or they cover the entire surface of the pot . There are also times when 
only a few individual crystals will appear and occasionally none will 
appear at all .  ( 9 : 18) 
The actual crystals include zinc silicate, manganese silicate, 
titanate,  calcium and magnesium, silicate and titanate. These crystals 
will crystallize in both lead and lead-free glazes.  ( 1 0 : 593) 
Purdy and Krehbiel ( 6 : 401) state that manganese carbonate has 
the greatest crystallizing tendency , producing large and varied crystals .  
Zinc Oxide forms large fan crystals which are scattered throughout the 
glaze surface. These zinc silicate crystals were identified as willemite 
(2AnO • Si02) crystals and are the most common ones to appear in a glaze. 
Through their research, Purdy and Krehbiel have also indicated that 
the proportion of zinc oxide to alkali which was most conducive to 
crystallization lay within the following limits :  0 . 3  to 0 . 6  ZnO to 
0 . 7  to 0 . 4  KNaO. Of the two basic alkalis used in glazes , sodium was 
indicated to be more favorable to crystal formation than potassium. 
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Titanium is believed to have a strong influence on the develop­
ment of crystals .  Many researchers prior to Purdy and Krehbiel ' s  
experiments felt that titanium could produce greater consistancy in the 
growing of crystals by : 1 )  assisting the crystallization of the other 
substances in the glazes ; or 2) entering into combination with the 
crystallizing ingredients . ( 6 : 401)  
Through extensive research it has been determined that as the 
titanic acid content increases from 0 . 0  to 0 . 2  equivalents,  the crystals 
increase in size and number. As the Ti02 content raises beyond 0 . 2  
parts ,  the crystals continue to increase in number, but they decrease 
rapidly in size. At 0 . 9  equivalents the whole mass crystallizes to a 
dull matt .  ( 6 : 369) To compensate for the effects increased amounts o f  
titanium has no crystallization , one can merely increase the zinc or 
other RO oxide making up the crystallizing agent . Therefore , it can be 
said that small amounts of titanium ( 0 . 4  or less) seems to augment 
the development of crystal s ,  but there is no evidence of titanium 
becoming a constituent part of the crystallizing substance. ( 6 : 40 1 )  
Alumina i s  refractory and does not melt by itself until about 
2040°c .  For this reason not much alumina can be added to a glaze without 
causing it to be underfired and dry in appearance . ( 8 : 88)  Despite the 
high melting point of alumina it does serve a purpose in a glaze. 
It influences the viscosity of a molten glaze; its presence controls the 
flowing of the glaze coating and the heat range of the glaze. ( 2 : 245) 
AL2o3 also adds to the hardness , durability, and tensile strength of the 
glazes. Without it , many glazes would devitrify in cooling and would have 
rough surface s ,  mottled textures , or become opaque. ( 8 : 89) 
Alumina has two very valuable functions for most glazes : 
1)  in molten glazes it retards the other materials from combining in 
a crystalline state; 2) AL2o3 also prevents re-crystallization during 
the cooling stage of the glaze. ( 8 : 89) 
5 
Crystal forming glazes are specifically designed to allow the 
materials to combine in the molten state providing nuclei, and to allow the 
growing of the crystal nuclei during the cooling of the glaze. Considering 
the effect sought in a crystalline glaze and the two main functions of 
alumina , it can be considered a hindrance to the formation of crystals .  
However, at the same time it may be considered to be an asset because of 
its other properties . Therefore, alumina may be absent from a formula or 
present in small amounts .  ( 2 : 545) 
Worchester ( 1 2 :482) states that the use of alumina from raw clay 
provides the best crystals from 0 . 01 equivalents to 0 . 06 equivalents .  
0 . 03 parts alumina was found to be sufficient to cause the glaze to float 
well and adhere firmly to the clay body. 
Through Worchester ' s  research it has been indicated that alumina 
doesn ' t  seem to have any influence upon the speed with which crystals 
grow. It does, however , act as an agent to arrest the action of the heat 
on the glazes giving them a wider range of usefulness. The addition of 
alumina, via raw clay, to a glaze is highly recommended because it tends 
to hold the glaze good over a long-firing or a corresponding high 
fire. (12:483) 
A wide choice of compositions may be used for crystalline glazes, 
having a corresponding wide range of maturing temperatures. Herman 
(2 : 546) has stated that the rate at which the temperature rises in a crystal 
firing does not need to vary from that o f  one ' s  customary firing 
procedures, but the rate o f  cooling should be regulated in respect to the 
crystal nuclei and the rate of growth of the individual crystals formed . 
Each crystalline glaze has a different time-temperature zone of maximum 
growth and the cooling must be adjusted accordingly . 
The cooling of the kiln is a very important procedure. If  it is 
too rapid , either there will not be any visible crystals or they will be 
very small with a good chance o f  forming a matt surface. An unduly 
prolonged cooling of the kiln may yield coarse crystals and roughened 
glaze surfaces. ( 2 : 546) 
6 
There is a wide range of maturing temperatures for crystalline 
glazes as has been previously mentioned; however , for crystals produced 
by controlled crystallization there are well defined nuclei formation 
and growing zones . According to Norton (4 : 1 91 ) , the nuclei formation 
0 0 range is from 600 C to 900 C while crystal growth takes place between 
910°c and 12S0°c .  In cone ranges this crystal growth takes place 
between cone 010 and cone 9 .  
Theoretically, states Norton (4 : 191) , it should be possible to 
hold a glaze at any given temperature within the nuclei formation zone 
for the time necessary to form the desired number of nuclei, then to 
heat the glaze to the temperature within the growing range which would 
provide maximum crystal growth for that glaze. This is not , however , 
the case, for the rate of nuclei formation is so rapid that it is physically 
impossible to heat a glaze rapidly enough through the formation range 
to dissolve the excess nuclei. The desired crystal nuclei ratio is from 
0 . 1  to 1 nuclei per square centimeter per hour . (4 : 1 9 1 )  
To obtain the above mentioned nuclei ratio Norton suggests that the 
glaze be heated above the growing range o f  the crystals until all but a few 
are dissolved by thermal aggitation. ( 3 : 22 1 )  Through his experiments Norton 
determined the temperature which provides the 0 . 1  to 1 nuclei per square 
0 0 centimeters desired was 1273 C.  Once the 1273 C temperature was reached 
a half hour soaking period was provided to assure that all the materials 
making up the glaze entered completely into solution. The kiln temperature 
was then dropped to 11S0°c and held for 3� hours to permit the crystals 
to reach maximum size--about 3cm in diameter. ( 3 : 22 1 )  
By proper temperature control , a single crystalline glaze can produce 
an almost infinite variety of effects . At low-growing temperatures , the 
crystals are circular and become more lathlike as the temperature increases. 
( 4 : 194) The conditions for crystal growth appear to be irreversible; 
that is, once cooled below a certain temperature it can never be increased 
in size by raising the temperature. ( 3 : 223) 
Although the information presented to this point comes from 
crystal research at cone 10,  this information holds true for crystalline 
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glazes per say and not just cone 1 0  crystal glazes . The one thing to 
remember, though, is that the holding temperature which produces maximum 
crystal structure may vary for each glaze. Each particular glaze must be 
tested to determine the holding temperature which provides maximum crystal 
development for that particular glaze. The holding temperatures given 
in this material are meant only as suggested starting points to begin 
one ' s  research. 
As has already been indicated, very l ittle information is made 
available concerning cone 5-6 crystal-producing glazes. From the 
available literature two studies have been found which are in close 
proximity to this maturing temperature. C . C .  Rand and H . G .  Schurecht ( 7 )  
experimented with a type of cone 3 to 4 crystalline glaze, while Dr .W.  
Pukall (S) worked with crystal glazes between cones 4 and 7 .  
In their work C . C .  Rand and H . G .  Schurecht were concerned with 
determining the effect of varying amounts of Zn0/Na2o and Ti02/si02 
upon the crystallization of a glaze. The glaze which was selected for 
the tests had the following empirical formula: 
0 . 335 Na20 0 . 03 AL2o3 1 . 60 Si02 
0 . 665 Ai\O 0 . 2  B2o3 
Via a quadrangle blend glazes were developed to study the aforementioned 
effects. 
The glaze which was more successful in their tests was : 
0 . 30 Na20 
. 6 5  AnO 
. OS Coo 
0 . 05 AL2o3 
0 . 30 B2o3 
1 . 8  Si02 
0 . 2  Ti02 
The entire glaze crystallized at 1030°c (1880°-1900°F) . 
From their studies Rand and Schurecht indicated that the varying 
of ZnO and Na2o seems to have little effect upon crystallization or 
color . However, an increase in Ti02 had a marked effect upon both. 
( 7 : 345) 
Rand and Schurecht used a round , down-draft, open-fired oil 
kiln which was fired to the maturing temperature in 5 hours and permitted 
to cool at the normal pace for that kiln. 
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Dr . W.  Pukall (5) researched cone 4 to 7 crystalline glazes in 
a cool firing kiln, producing three excellent glazes. 
1 .  0. 396 PbO 
0. 209 CuO 
0 . 1 1 9  Na20 
0 . 1 18 K20 
0 . 079 Bao 
0 . 079 cao 
2 .  0 . 4 1 2  PbO 
0. 176 CuO 
0. 165 cao 
0 . 082 K20 
3 .  0 . 333 CuO 
0. 240 PbO 
0. 167 cao 
0 . 1 13 Na20 
0 . 080 K20 
0 . 067 MgO 
0 . 079 AL2o3 
0. 237 B2o3 
0 . 082 AL2o3 
0. 165 B2o3 
0. 060 u2o3 
0 . 187 AL2o3 
0 . 047 Fe2o3 
0 . 017  Mn203 
0. 227 B203 
2 . 137 Si02 
0. 5 1 8  Ti02 
2 . 059 Si02 
0 . 491 Ti02 
2 .332 Si02 
0. 403 Ti02 
0 . 001 wo3 
Though the glazes from Rand, Schurecht and Pukall proved quite 
successful for them they could not be used for this research. Many of 
the materials used by Rand , Schurecht and Pukall could not be duplicated ; 
therefore their results could not be reproduced. 
CHAPTER II 
Methodology 
Part 1: Development of Cone 5-6 Crystal Producing Glazes 
From the available readings on the subj ect of crystalline glazes , 
a very simple cone 5 crystal glaze was found in F .  Singer and S .  Singer ' s  
book, Industrial Ceramics .  The empirical formula for this glaze i s  as 
follows : 
. 3 3  NaO 
. 6 6  ZnO 
The batch ingredients consisted o f :  
Soda Ash 1 1 . 4  Hamilton Kaolin 6 . 0  
Boric Ash 1 6 . 2  Flint 4 1 . 0  
1 . 6  Si02 
Several tiles were made up of glazes with these batch ingredients 
and placed in an electric kiln (Unique Kilns Model 2430) . The kiln was 
fired using the cone 5 oxidation schedule for the purpose of determining 
* 
whether the glaze matured at this desired temperature . Upon removal 
of the tiles from the kiln, it was observed that they were very dry and 
somewhat underf ired. These poor results were most likely due to the clay 
body ' s  absorption of some of the soluble substances making up the glaze. 
The best way to overcome the absorption of the soda ash and 
boric acid into the clay body would be through the use of a frit. In 
using a frit one has two alternatives: 1 )  prepare one ' s  own frits, or 
2) make use of commercially prepared frits. 
* 
This firing schedule will be discussed on Page 17  
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Sanders ( 9 : 32) indicates that through making one ' s  own frit 
the potter has more control over his glaze compositions than could 
be provided by a commercially prepared frit. In making one ' s  own frit 
one can develop a glaze which will fit a crystal developing empirical 
formula. This assures a better chance of producing crystal structures. 
When using a commercially prepared frit one of ten has to adapt the 
empirical formula to fit the frit used, thus somewhat decreasing the 
chance of obtaining good crystals .  This is true, however, only when 
the commercial frit does not fit the proposed formula. 
Though more favorable results may be accomplished by shop­
made frits, several factors led to the selection of a commercial frit; 
Time and expense involved in producing sufficient quantities of the 
shop frit, and the lack of equipment needed were the influencing factors 
in this decision. 
Pemco Frit P283 was chosen because it required the least 
alteration of the glaze formula being tested . Gerstley Borate was added 
to the glaze as a means of providing Boric Acid in an insoluble form. 
The new empirical formula became: 
. 3 3  Nao 
. 53 ZnO 
. 13 cao 
The new batch ingredients for this glaze were : 
Frit 
Gerstley Borate 
Zinc Oxide 
Flint 
1 1 3  . 1 9  
27 . 1 9  
4 2 . 93 
1 1 .40 
1 1  
Once again tiles were glazed and placed in a regular cone 5 
oxidation. The new glaze composition did not mature at this temperature . 
However , the glaze did begin to melt , indicating that with some slight 
alterations the glaze would most likely mature at cone 5 .  On each test 
tile large areas of many small crystals were present giving the tiles 
a matt texture in these areas. 
A triaxial blend was developed and tested in order to determine 
what alterations in the above mentioned batch formula was needed to 
reduce the melting point of this glaze. The triaxial blend was developed 
and tested with the most successful results listed below. However the 
information pertaining to this triaxial blend has been misplaced , making 
it difficult to provide the variations of the vertexes in this blend . 
Many of the tiles from this triaxial blend had small random crystal 
structures present . However, only the three glazes listed below showed 
the most promising results.  These glazes were the most glassified, 
as well as having the best crystal formation. 
Base Glaze I 
Empirical Formula 
. 33 NaO 
. 24 CaO 
.43 ZnO 
Batch Formula 
Pemco Frit P283 
Gerstley Borate 
Flint 
Zinc Oxide 
Whiting 
. 066 AL203 
. 200 B2o3 
1 1 3 . 1 9  
2 7 . 60 
2 9 . 30 
34. 58 
1 0 . 64 
1 . 9  Si02 
Base Glaze II 
Empirical Formula 
. 3 3  NaO 
. 18 CaO 
.48 ZnO 
Batch Formula 
Pemco Frit P283 
Gerstley Borate 
Flint 
Zinc Oxide 
Whiting 
Base Glaze III 
Empirical Formula 
. 3 3  NaO 
. 24 CaO 
. 4 3  AnO 
Batch Formula 
Pemco Frit P283 
Gerstley Borate 
Flint 
Zinc Oxide 
Whiting 
1 2  
. 066 AL203 
. 100 B2o3 
1 1 3 . 1 9 
2 7 . 60 
2 9 . 30 
3 8 . 5 5  
5 . 32 
. 066 AL2o3 
. 200 B2o3 
1 1 3  . 1 9  
27 . 6 0  
1 7 . 40 
34 . 58 
1 0 . 64 
1 .  9 Si02 
These three glazes were used entirely in the first 5 test firings. In 
the remaining five firings, these glazes were used in addition to four 
new glazes developed from the triaxial blend listed below. Also in 
1 3  
these last five firings, three cone 10 crystalline glazes found in 
Sander ' s  Glazes for Special Effects were scaled down to a cone 5-6 firing 
range . 
In this triaxial blend Vertex A contained the following formula : 
. 33 Na20 
. 53 AnO 
. 1 3  cao 
. 066 AL203 
. 200 B203 
Vertex B :  The amount of zinc oxide was decreased . 04 unit part and the 
calcium was increased by . 27 unit part . The formula for this vertex 
was : 
. 3 3  Na20 
.49  ZnO 
. 40 cao 
. 066 AL203 
. 200 B203 
The zinc was decreased in a belief that the formula had possibly too 
much zinc oxide present , causing the glaze to crystallize into a matt 
surface. The calcium was increased to give the RO group additional 
fluxing power. 
Vertex C: At this point of the triangle a . 4  unit part increase was made 
in the silica. The silica was increased to provide the glaze with more 
of this glass producing agent . The glaze formula at this vertex is as 
follows : 
. 3 3  Na20 
. 53 ZnO 
. 13 cao 
. 066 AL203 
. 200 B2o3 
2 . 00 Si02 
The batch ingredients for each of these three glaze variations are as follows : 
Vertex A 
Vertex B 
Pemco Frit P283 
Gerstley Borate 
Flint 
Zinc Oxide 
Pemco Frit Ps83 
Gerstley Borate 
Flint 
Zinc Oxide 
Whiting 
1 1 3 .  19 
27 . 1 9  
1 1 .40 
42 . 93 
1 1 3 . 19 
2 7 . 1 9  
1 1 . 40 
3 9 . 6 9  
2 6 . 80 
Vertex C 
Pemco Frit P283 
Gerstley Borate 
Flint 
Zinc Oxide 
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1 1 3 . 1 9  
27 . 1 9  
35 . 40 
4 2 . 93 
Upon mixing up these three batch glazes , the glaze variations 
were intermixed dry in various proportions (as indicated in Table 1) , 
mixed with water and placed on 2 1  tiles. These tiles were once more 
tested in a regular cone 5 oxidation firing. 
Vertex 
A BA 
2B 
Vertex 
c 
TABLE 1 
Triaxial Blend 
6C 
4B 
Vertex 
B 
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The three glazes represented by the colored dots produced the 
best crystals of the 21 glaze variations tested in this triaxial blend . 
These crystals were even more promising than the crystal glazes obtained 
in the previous triaxial blend . The glaze surfaces themselves were more 
glassified, somewhat more fluid , and the crystals were more defined. 
Below are listed the empirical formulas for the glazes obtained 
from this second triaxial blend . 
Base Glaze IV (4C , 2B,  4A) 
Empirical Formula 
.33  Na20 
. 2 1  cao 
. 4 6  ZnO 
Batch Formula 
Pemco Frit P283 
Gerstley Borate 
Flint 
Zinc Oxide 
Whiting 
Base Glaze V ( 2 C ,  4B,  4A) 
Empirical Formula 
. 33 Na20 
. 20 cao 
.47 ZnO 
Batch Formula 
Pemco Frit P283 
Gerstley Borate 
Flint 
Zinc Oxide 
Whiting 
. 066 AL203 
. 200 B2o3 
1 1 3 . 1 9  
27 . 19 
1 3 . 92 
37 . 2 6  
8 . 00 
. 066 AL2o3 
. 200 B2o3 
1 1 3  . 1 9  
27 . 1 9  
2 1 . 00 
38 . 07 
7 . 00 
1 . 64 Si02 
1 . 76 Si02 
Base Glaze VI (4C , 2A, 4B) 
Empirical Formula 
. 33 Na20 
. 1 7 CaO 
. 50 ZnO 
Batch Formula 
Pemco Frit P283 
Gerstley Borate 
Flint 
Zinc Oxide 
Whiting 
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. 066 AL2o3 
. 200 B2o3 
1 1 3 . 1 9  
27 . 1 9 
21 . 00 
40 . 50 
4 . 00 
1 . 7 6 Si02 
Part 2: Kiln Firing Procedures and Results 
The kiln used for the testing and development of the firing schedule 
for the cone 5-6 crystalline glazes mentioned was a Unique Kilns brand 
Model 2430, having 208 Volts or 26 . 4  Kilowatts with a maximum temperature 
0 of 2350 F .  This kiln was manufactured by Red Industries, Inc . , 
Pennington , New Jersey. 
The firing and cooling schedule which seemed to work best for 
most of the glazes tested was developed over ten kiln firings. However , 
some of the crystalline glazes appeared to give better results using a 
different schedule.  These different firing schedules will be given in 
the forthcoming discussions of each of the ten firings . 
Herman (2) has suggested that one may use one ' s  normal firing 
schedule when firing for crystals.  This is because the cooling procedure 
is what influences the crystal formation and growth. 
Thus to prevent disruption o f  the overall kiln schedule ,  the 
usual firing procedure was used . In this schedule the kiln would be loaded 
anytime between noon and 4 : 00 P . M. , the door closed, and the floor elements 
and third from the top elements turned on. 8 : 00 A.M. the next morning 
the bottom side, lower half of the door, and fifth elements from the 
top were switched on. One hour later the elements in the upper half 
of the door and second elements from the top were turned on. After 
waiting one more hour the top elements and the fourth from the top 
elements were switched on. The maturing temperature would usually be 
reached two hours after the final setting. 
The kiln would be opened the morning of the third day and unloaded 
by noon. To this schedule was added a fifteen minute soaking period for 
the purpose of permitting the glaze materials to enter into solution . 
Another addition to this schedule was that of a holding stage for the 
purpose o f  providing the crystal nuclei to grow. 
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Firing No. 1 
In this first kiln the firing schedule was established . Upon 
reaching the maturing temperature of cone 5 a fifteen minute soaking 
period was permitted. With the completion of this soaking period the 
0 kiln was shut down to allow the kiln temperature to drop 100 C .  This 
drop in temperature is measured from the temperature indicated on the 
pyrometer when cone 5 had melted. 
Once this holding temperature was reached the following elements 
were turned on to stabalize the kiln at this growing temperature : 
the floor elements ,  the elements making up the upper and lower half of 
the door, the 5th from the top, and the 4th from the top elements .  
This growing temperature was held for six hours with a fluctuation in 
+ 0 temperature of - 20 C .  
The glazes tested in this firing were derived from base glazes 
I and II.  
Base Glaze I 
Pemco Frit P283 
Gerstley Borate 
Flint 
Zinc Oxide 
Whiting 
113 . 1 9  
27 . 60 
2 9 . 3 0  
3 4 . 58 
10. 64 
Base Glaze II 
Pemco Frit P283 
Gerstley Borate 
Flint 
Zinc Oxide 
Whiting 
1 1 3 . 1 9  
2 7 . 60 
2 9 . 30 
38 . 55 
5 . 32 
In the tables below are listed the results of the glaze 
variations obtained when adding colorents to these base glazes . 
Colorents 
a .  0 . 9  CuO 
0 . 1 5 Fe2o3 
b .  2 . 0  TiO 
0 . 5  Ni 
. 
c .  4 . 0  Fe203 
Table 2 
RESULTS OF VARIATIONS OF BASE GLAZE I 
USED IN FIRING NO. 1 
crystals color size 
No 
No 
No 
background 
a .  
b .  
c .  
d .  
e .  
f. 
g .  
1 9  
Table 3 
RESULTS OF VARIATIONS OF BASE GLAZE II 
USED IN FIRING NO. 1 
Colorents Crystals Color Size 
0 . 4  Ni Yes Blue 0 . 2cm 
2 . 0  Ru tile 
0 . 3  CoO Yes Dark Blue 0 . 2cm 
0 . 1  Fe2o3 
0 . 1  MnO 
4 . 0  Fe2o3 Yes Yellow 0 . 2cm 
2 . 0  Rutile 
4 . 0  MnO Yes Brown 0 . 4cm 
4 . 0  MnO No 
0 . 5  Fe2o3 
1 . 0  Gran 
Illmenite 
1 . 0 Ti02 Yes Brown 0 . 3cm 
4 . 0  MnO 
0 . 5  Ni No 
Background 
Light Blue 
Light Blue 
Yellow Brown 
Light Brown 
Brown 
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The tables indicate that five of the eleven glazes tested in 
this firing provided some form of crystals.  These five glazes were 
Ila, !lb, Ile, !Id , and !If.  As can be seen all five of these glazes 
were derived from base glaze I I .  
Two o f  these glazes had developed well-formed circular crystal s :  
glaze Ild had crystals 0 . 4  cm in diameter, while glaze IIf formed 
crystals which were 0 . 5  cm in diameter. (see plate 1 and 2) 
Firing No . 2 
This firing made use o f  the same firing schedule as used for 
the previous kiln . 
When cone 5 had melted a fifteen minute soaking period was 
again provided. The temperature registered on the pyrometer was made 
note of and the kiln was shut down to permit the kiln to drop to the 
desired holding temperature. When the kiln temperature had dropped 
l00°c it was turned on again in order for the crystals to grow. The 
stabalizing procedures used in the first firing were also used in this 
one. This holding temperature was kept for seven hours with a varience 
of ± 20°c.  The increased holding time was provided in hopes of 
increasing the size of the crystals.  
In this firing tests were made on base glazes II and III.  
Base Glaze III 
Pemco Frit P283 
Gerstley Borate 
Flint 
Zinc Oxide 
Whiting 
1 1 3 . 1 9  
27 . 60 
29 . 30 
34. 58 
1 0 . 64 
b. 
f .  
h. 
i. 
j . 
k. 
1 .  
m. 
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Table 4 
RESULTS OF VARIATIONS OF BASE GLAZE II 
USED IN FIRING N0. 2 
Colorents Crystals Color 
0 . 3  coo Yes Blue 
0 . 1  MnO 
0 . 1  Fe2o3 
1 .  0 Ti02 Yes Brown 
4 . 0  MnO 
0 . 9  CuO Yes Opaque 
0 . 1 5  Fe2o3 Blue/Green 
6 . 0  Rutile 
4 . 0  Fe2o3 Yes Yellow 
2 . 0  Ru tile Brown 
0 . 6  Ni Yes Pale Blue 
1 0 . 0  Ti02 Yes White 
8 . 0  Ru tile Yes Brown 
6 . 0  Fe2o3 
1 . 0  CuO Yes Light 
0 . 3  Fe2o3 Blue/Green 
Size Background 
0. 3cm Light Blue 
l . Scm Light Brown 
entire Blue/Green 
glaze 
surf ace 
0 . 3cm Yellow 
Brown 
0.4cm Transparent 
Yellow 
O . Scm Opaque Cream 
O . Scm Brown 
l . Ocm Light 
Blue/Green 
a .  
b .  
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Table 5 
RESULTS OF VARIATIONS OF BASE GLAZE III 
USED IN FIRING NO. 2 
Colorents Crystals Color Size 
6 . 0  Fut . Yes Brownish O.  l cm 
6 . 0  Fe2o3 Red 
1 0 . 0  Ti02 Yes Gold entire 
glaze 
crystallized 
Background 
Opaque beige 
Opaque white 
In this firing all the glazes tested had formed crystal s .  
However, the glazes derived from base glaze II provided somewhat larger 
crystals than did base glaze III . 
The two glazes which provided the best crystal structure in this 
firing were !If with 1. Scm crystals and glaze IIm which formed 1 . 0cm 
crystals .  (See Plates 3 and 4) . 
Firing No . 3 
The kiln was first fired to the temperature of cone 5 .  After 
the usual fifteen minute soaking period cone 6 went down . With the 
completion of this cycle the kiln was shut down to permit the kiln to 
drop l00°c .  Once this temperature had been reduced , the holding stage 
was begun. This stage lasted for eight hours, with a heat variance of 
'! 20°C .  
g.  
h. 
1. 
m. 
n .  
o .  
p .  
q .  
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Table 6 
RESULTS OF VARIATIONS OF BASE GLAZE II 
USED IN FIRING NO. 3 
Colorents Crystals Color Size 
1 .  0 Ti02 No 
4 . 0  MnO 
0 . 9  CuO No 
0 . 1 5  Fe203 
6 . 0  Rut. 
8 . 0  Rut No 
6 . 0  Fe2o3 
1 . 0  CuO No 
. 03 Fe2o3 
0 . 8  Ni No 
6 . 0  Rut. Yes Green O. lcm 
2 . 0  CuO 
0 . 6  Fe2o3 
6 . 0  Ti02 No 
O. 7 Ni 
1 0 . 0  Ti02 Yes Green 0,2cm 
1 . 0  CuO 
Background 
Turquoise Green 
Green 
Colorents 
a .  6 . 0  Rut . 
6 . 0  Fe2o3 
c .  0 . 6  Ni 
6 . 0  Ti02 
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Table 7 
RESULTS OF VARIATIONS OF BASE GLAZE III 
USED IN FIRING NO. 3 
Crystals Color 
Yes Rust Brown 
No 
Size Background 
O . lcm beige 
Some small crystals resulted from this third firing . The glazes 
producing these crystals were Ilo, Ilq, and IIIa. Glaze Ille produced 
what appears to be Iron/Zinc/Silicate crystals (see Plate 5). 
Firing No . 4 
The same firing and holding schedule were again used in this 
test firing. 
There were some difficulties with this fourth firing. Throughout 
this firing the pyrometer had indicated that the kiln was held at a 
constant temperature. Observation of the atmospheric conditions of the 
kiln gave an indication that the kiln was actually rising . 
Despite the fact that a constant temperature was not provided 
some beautifully glazed pots did come out of this kiln. 
m. 
o .  
p .  
q .  
u .  
a .  
c .  
2 5  
Table 8 
RESULTS OF VARIATIONS OF BASE GLAZE II 
USED IN FIRING NO. 4 
Colorents Crystals Color Size 
1 . 0  CuO No 
0 . 3  Fe2o3 
6 . 0  Rut. No 
0 . 6  Fe2o3 
6 . 0  Ti02 
0 . 7  Ni 
1 0 . 0  Ti02 
1 .  0 CuO 
8 . 0  Ti02 
Color en t s  
6 . 0  Rut. 
6 . 0  Fe2o3 
6 . 0  Ti02 
0 . 6  Ni 
No 
No 
No 
Table 9 
RESULTS OF VARIATIONS OF BASE GLAZE III 
USED IN FIRING NO. 4 
Crystals Color Size 
No 
No 
Background 
Background 
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The past four crystal firings made use of an extremely long 
schedule with some positive, though somewhat limited, results.  Most 
of the crystals grown were under 1 . 0  centimeters in diameter. These 
long firings and holding periods just were not providing the results 
desired, Therefore it was decided to develop a shorter schedule in hopes 
of providing a more positive resul t .  
Of the previous four firings, it appears that the holding time 
of six hours had produced the best crystals ,  though they were not the 
size sought after. 
As the holding time increased the crystals which formed decreased 
in size. It was , therefore, decided that in addition to shortening 
the firing schedule, the length of the growing stage would be reduced . 
Hopefully this reduction in the length of the growing stage would bring 
about an increase in the size of the crystal s .  
Upon reviewing the writings o f  Sanders (9)  and Norton (3) , it 
appears that the crystal nuclei reach their maximum growth around 
three and a half hours after the holding stage has begun. The maximum 
size crystals attained from the holding schedule was 3cm in diameter. 
In addition to developing a new firing procedure, a new pyrometer 
was being used from the fifth firing on. This new pyrometer measured the 
kiln temperature in degrees Fahrenheit instead o f  Centigrade. 
Firing No . 5 
The settings in this firing were decreased to j ust three. 
In addition the intervals between each setting was greatly reduced. 
The duration of the soak and the establishment o f  the holding 
stage remained the same as in the previous firings.  
The new schedule was as follows : 
Setting 1 .  Switch on the floor elements and third from 
the top. This setting lasts for seven hours 
or until red heat has been reached . 
Setting 2 .  
Setting 3 .  
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Turn on the bottom side elements, the elements 
in the lower half of the door, and the fourth 
and fifth elements from the top. Maintain 
this setting for one hour. 
Switch on the elements in the upper half of 
the door, the top elements , and the second from 
the top elements . The kiln reached the maturing 
temperature in about two hours .  
Each crystalline glaze is unique in itself and thus may have 
different time and/or temperature related holding periods in which its 
crystals will grow to their maximum diameter. Therefore, it was 
decided to gradually decrease the duration of the holding stage starting 
from the six hour holding time of the first test firing . In this fifth 
firing the holding time was five and one half hours.  
f .  
j . 
m. 
r .  
Table 10 
RESULTS OF VARIATIONS OF BASE GLAZE II 
USED IN FIRING NO.  5 
Colorents Crystals Color Size 
1 .  0 Ti02 Yes Brown 1-1 . Scm 
4 . 0  MnO 
0 . 6  Ni Yes Blue 1 . 0cm 
White Edges 
1 . 0  CuO Yes Turquoise 0. 3-1 . 0cm 
0 . 3  Fe2o3 
0 . 5  Ni Yes Pale Blue 0 . 3-1 . 0cm 
2 . 0  Gran 
' 
Ru tile 
Background 
Brown 
Tan 
Turquoise 
Buff 
Colorents 
d .  9 . 0  Ti02 
1 .  0 CuO 
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Table 1 1  
RESULTS OF VARIATIONS OF BASE GLAZE III 
USED IN FIRING NO. 5 
Crystals Color Size Background 
Yes Silver O . lcm Opaque 
Turquo ise Green 
Again the glaze !If appears to provide the best results.  This 
crystal glaze produced crystals which were about 1 . 0  to 1 . Scm in size. 
(Plate 6) . 
From this test firing also came some interesting nickel/zinc/ 
silicate crystals in a stoneware body (II) . These crystals were 
about 1 . 0  centimeters and blue in color with white edges. (Plate 7) . 
Firing No . 6 
The procedures for firing this kiln were the same as for the 
previous one with the exception of a decrease in the holding time. 
The growing temperature was held for four and one half hours . 
Colorents 
£ .  1 . 0 Ti02 
4 . 0  MnO 
k. 10 Ti02 
o .  6 . 0  Rut . 
2 . 0  CuO 
0 . 6  Fe2o3 
s .  0 . 6  Fe2o3 
2 . 0  CuO 
Colorents 
e. 7 . 0  Fe2o3 
6 . 0  Rut . 
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Table 12 
RESULTS OF VARIATIONS OF BASE GLAZE II 
USED IN FIRING NO. 6 
Crystals Color Size 
Yes Brown O. Scm 
Yes Gold entire 
pot 
Yes Silver O. Scm 
No 
Table 1 3  
RESULTS OF VARIATIONS OF BASE GLAZE III 
USED IN FIRING NO. 6 
Crystals Color Size 
Yes Rust 0. 2cm 
Background 
Brown 
Opaque White 
Turquoise 
Background 
Opaque Beige 
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There were no out standing crystals developed during this firing. 
The glaze Ille once again produced what appears to be iron crystals .  
(Plate 8) . 
Glazes tested in these six firings were developed by the author . 
These glazes were providing some interesting colors and crystals ;  however , 
they weren ' t  developing the crystal size for which it was hoped. 
In Sanders '  book Glazes for Special Effec t s ,  several glaze 
formulas were given which had been providing him with quite large 
crystals .  Some of these glazes were taken by the author and adapted to 
a cone 5-6 maturing temperature. 
To adapt these glazes o f  Sanders ' ,  some of the flint was removed 
for the purpose of lowering the melting point of his glazes. These new 
glazes were tested and were still somewhat on the dry side so lithium 
carbonate was added to these adapted glazes . Lithium was chosen for two 
reasons:  first , a small quantity of this element is able to lower the 
melting point of a glaze by as much as three cones; secondly, lithium 
carbonate is considered to be a very good crystallizing agent . 
Below are listed the original crystal formulas of Sanders and 
their adapted formulas : 
Sanders '  Formula (cone 10) 
Pemco Frit P283 6 8 . 42 
Zinc Oxide 
Flint 
Ferro Frit 3 134 
Pemco Frit Ps83 
Zinc Oxide 
Flint 
24 . 1 3  
7 . 45 
1 5 . 4 5  
2 9 . 45 
23.  7 7  
2 1 . 63 
v. 
XI, 
Adapted Formula 
Pemco Frit P283 68.42 
Zinc Oxide 24 . 13 
Flint 5 . 4 5  
Lithium Carb . 5 . 0  
Ferro Frit 3 1 34 1 5 . 45 
Pemco Frit P283 2 9 . 1 5  
Zinc Oxide 23 . 77 
Flint 1 6 . 63 
Lithium Carb . 2 . 0  
Ferro Frit 3124 
Zinc Oxide 
Flint 
Firing No . 7 
50. 85 
22 . 32 
26 . 83 
3 1  
XII. Ferro Frit 3124 
Zinc Oxide 
Flint 
50.85 
2 2 . 3 2  
20. 83 
Lithium Carb . 5 . 0  
This seventh firing was over-fired to cone 6 .  The kiln was then 
0 shut down and permitted to drop 100 F.  before the holding stage was 
begun. This temperature was held for three and a half hours with a 
+ 0 variance of - 25 F. 
f .  
k. 
o .  
s .  
Colorents 
1 .  0 Ti02 
4 . 0  MnO 
10 Ti02 
6 . 0  Ti02 
0 . 6  Fe2o3 
2 . 0  CuO 
6 . 0  Fe2o3 
2 . 0  CuO 
Table 14 
RESULTS OF VARIATION OF BASE GLAZE II 
USED IN FIRING NO. 7 
Crystals Color Size 
Yes Brown 0. 8cm 
Yes Tan + 0, 5cm 
Yellow 
Yes Silver + 0 . 5cm 
Tan + 
Yellow 
No 
Background 
Brown 
White 
Opaque 
Turquoise 
e .  
a. 
a .  
b .  
Colorents 
6 . 0  Rut. 
7 . 0  Fe2o3 
Colorents 
4 . 0  Fe2o3 
Colorents 
1 . 0  Ni 
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Table 1 5  
RESULTS OF VARIATIONS OF BASE GLAZE III 
USED IN FIRING NO. 7 
Crystals Color Size 
No 
Table 16  
RESULTS OF VARIATIONS OF BASE GLAZE X 
USED IN FIRING NO. 7 
Crystals Color Size 
No 
Table 17  
RESULTS OF VARIATIONS OF BASE GLAZE XI 
USED IN FIRING NO. 7 
Crystals Color Size 
Yes Blue O. lcm 
Base Glaze Yes Clear entire 
pot 
Background 
Background 
Background 
White 
Clear 
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Table 18  
RESULTS OF VARIATIONS OF BASE GLAZE XII 
USED IN FIRING NO. 7 
Colorents Crystals Color Size Background 
a.  Base glaze Yes White entire pot White 
b. 
c .  
1 .  0 Pink 
marking 
stain 
0 . 5  Coco3 
No 
Yes Pale blue 0 . 2cm Blue 
Test glaze IIo (Plate 9) and glaze XIIa (Plate 10) provided 
some interesting crystals .  Glaze XIIa is a new glaze developed from the 
adaptation of a Sanders ' crystal formula. A detail of IIo (Plate 9a) 
shows the formation of both primary and secondary crystals.  The silver 
structures are the primary crystals while the tan and yellow are the 
secondary crystals . 
Firing No . 8 
Firing Number 8 was again a rapid firing to cone 5 .  After a 
fifteen minute soaking period cone 6 was bending. The kiln was then shut 
0 off and permitted to drop 100 F .  When this temperature was reached 
the kiln was then turned on and held for three and a half hours at a 
+ 0 variance of - 20 F .  
Colorents 
k.  10  Ti02 
o .  6 . 0  Ti02 
0 . 6  Fe2o3 
2 . 0  CuO 
s .  0 . 6  Fe2o3 
2 . 0  CuO 
Colorents 
e. 6 . 0  Rut .  
7 . 0  Fe2o3 
Colorents 
a. 1 . 0  Ni 
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Table 1 9  
RESULTS OF VARIATIONS OF BASE GLAZE II 
USED IN FIRING NO. 8 
Crystals Color Size 
No 
Yes Silver , 0 . 2cm 
tan, 
yellow 
Yes Green o . s-
1 . 0cm 
Table 20 
RESULTS OF VARIATIONS OF BASE GLAZE III 
USED IN FIRING NO. 8 
Crystals Color Size 
No 
Table 21 
RESULTS OF VARIATIONS OF BASE GLAZE XI 
USED IN FIRING NO. 8 
Crystals Color Size 
Yes Blue 0 . 2cm 
Background 
Opaque 
Turquoise 
Green 
Background 
Background 
White 
c. 
d .  
d .  
Colorents 
2 . 0  Ni 
2 . 1  CoO 
0 . 7  MnO 
O.  7 Fe2o3 
Colorents 
3 5  
Table 2 1  (cont 'd) 
Crystals Color Size 
Yes Blue 0 . 5cm 
Yes Blue O . l cm 
Table 22 
RESULTS OF VARIATIONS OF BASE GLAZE XII 
USED IN FIRING NO . 8 
Crystals Color Size 
2 . 0  Li2Co3 Yes Gold 0 . 5-
6 . 0  Fe203 0 . 7cm 
Background 
Tan 
Transparent 
Blue 
Background 
Gold 
The most interesting crystals in this firing were produced by 
glazes XIa (Plate 1 1  and lla) , XIc (Plate 1 2  and 12a) and XIId 
(Plate 1 3  and 13a) . All these glazes were newly adapted from crystal glaze 
formulas of Herbert H .  Sanders. 
Firing No. 9 
In this firing cone 6 was permitted to go down before the. 
temperature was dropped for the holding stage, 
The holding period for this kiln was three and a half hours 
with a temperature variance of t 20°F .  
f .  
m. 
a. 
e. 
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Table 23 
RESULTS OF VARIATION OF BASE GLAZE II 
USED IN FIRING NO. 9 
Colorents Crystals Color Size 
1 .  0 Ti02 
4 . 0  MnO 
1 . 0  CuO 
0 . 3  Fe2o3 
Colorents 
6 . 0  Ti02 
6 . 0  Fe2o3 
2 . 0  CuO 
Colorents 
2 . 0  CuO 
Yes Brown 0. 3cm 
Yes Green 0. 3cm 
Table 24 
RESULTS OF VARIATIONS OF BASE GLAZE V 
USED IN FIRING NO. 9 
Crystals Color Size 
Yes Brown O. Scm 
Table 25 
RESULTS OF VARIATIONS OF BASE GLAZE X 
USED IN FIRING NO. 9 
Crystals Color Size 
Yes Dark O. lcm 
Green 
Background 
Brown 
Green 
Background 
Brown 
Background 
Transparent 
Green 
c .  
e .  
f .  
Colorents 
3 . 0  Ni 
Colorents 
37 
Table 26 
RESULTS OF VARIATIONS OF BASE GLAZE XI 
USED IN FIRING NO. 9 
Crystals Color Size 
No 
Table 27 
RESULTS OF VARIATIONS OF BASE GLAZE XII 
USED IN FIRING NO. 9 
Crystals Color Size 
2 . 0  Ru tile Yes Light O. 7cm 
3 . 0  CuCo3 Green 
3 . 0  Fe203 
4 . 0  Li2co3 Yes Blue 1 . 0cm 
3 . 0  Ni White edges 
Background 
Background 
Light Green 
Brown 
I 
Of all the pots in this kiln, only one came out of the firing 
with nicely formed crystals .  (See Plate 14,  14a, 14b) . The glazes used 
on this pot were Va ( 14a) and XIIe (14b) . 
Firing No. 10 
Firing Number 10 was the most productive from the standpoint of 
the number of pots in which crystals had formed and the p leasant effects 
of combining different crystal glazes. 
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In this kiln the firing was accelerated quite rapidly because 
it was felt that the schedules used in firings 5-9 were possibly too 
slow. 
This new schedule provides a one day firing requiring 7 hours 
to reach maturing temperature. The soaking period, the holding 
temperature , and the duration of the holding cycle all remained the same . 
In the first setting the floor elements ,  the third from the 
top , the bottom side elements , and the elements in the lower half of the 
door were turned on. 
After one hour the upper half of the door was switched on, as 
well as the Sth from the top elements. This setting was held for an 
hour. 
The third setting involved the turning on of the top elements ,  
the second from the top elements ,  and the fourth from the top elements .  
m. 
t .  
Colorents 
1 . 0  Cu 
Table 28 
RESULTS OF VARIATIONS OF BASE GLAZE II 
USED IN FIRING NO. 1 0  
Crystals Color Size 
No 
0 . 3  Fe2o3 
10 Ti02 Yes Gold , 0 . 6cm 
Sprinkle of White, & 
Coco3 Blue 
Background 
White 
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Table 29 
RESULTS OF VARIATIONS OF BASE GLAZE III 
USED IN FIRING NO. 10  
Colorents Crystals Color Size 
b .  10  Ti02 Yes Clear 1 . 0cm 
f .  1 .  0 Li2co3 No 
6 . 0  Rut 
7 . 0  Fe2o3 
Table 30 
RESULTS OF VARIATIONS OF BASE GLAZE V 
USED IN FIRING NO. 10 
Color en ts 
a.  6 . 0  Ti02 
6 . 0  Fe2o3 
2 . 0  CuO 
Base Glaze VIII 
Pemco Frit P283 
Gerstley Borate 
Zinc Oxide 
Whiting 
Flint 
Crystals 
Yes 
113  . 1 9 
27 . 1 9  
4 2 . 28 
5 . 30 
2 1 . 00 
Color Size 
Rust O. Scm 
Background 
White 
Background 
Yellow 
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Table 31 
RESULTS OF VARIATIONS OF BASE GLAZE VIII 
USED IN FIRING NO. 10  
Colorents 
a. 10  Ti02 
Base Glaze IX 
Pemco Frit P283 
Gerstley Borate 
Zinc Oxide 
Whiting 
Flint 
Crystals 
Yes 
1 1 3 . 1 9  
27 . 1 9  
41 . 63 
1 0 .  72 
13 . 92 
Color Size 
Clear 1 . 0cm 
Table 32 
RESULTS OF VARIATIONS OF BASE GLAZE IX 
USED IN FIRING NO. 10  
Colorents Crystals Color Size 
a .  1 . 0  chromium Yes Greenish 
Brown 
Background 
White 
Background 
Greenish 
Brown 
a. 
d.  
£ .  
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Table 33 
RESULTS OF VARIATIONS OF BASE GLAZE X 
USED IN FIRING NO. 1 0  
Colorents Crystals Color Size 
2 . 0  CuO Yes Green 1 .  0-1 . Scm 
Table 34 
RESULTS OF VARIATIONS OF BASE GLAZE XII 
USED IN FIRING NO. 10  
Colorents Crystals Color Size 
2 . 0  Li2co3 Yes Gold 0 . 4-
6 . 0  Fe2o3 O.  7cm 
4 . 0  Li2co3 Yes Blue 1 . 0-
3 . 0  Ni White tips l . Scm 
Background 
Green 
Background 
Gold 
Brown 
Plate 1 5  indicates the type o f  crystals produced by glaze IXa, 
found on the left, (lSa) , and glaze Xa on the right side, ( l Sb) . The 
Xa glaze grew crystals which measured between 1 . 0cm and 1 . Scm in diameter. 
The pot in Plate 16 was glazed with IXa and an over glazing o f  
Va. Plate 16a is a detailed shot of the crystals formed by glaze Va 
which was used on the pot shown in Plate 1 6 .  These crystals were rust 
in color and measured 0. 3cm in diameter. 
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Another plate form is represented in Plate 1 7 .  This pot was 
glazed using glaze !Io. Once the glaze was applied a few grains of 
Cobalt Carbonate was sprinkled over the glazed surface. The finished 
effect of this plate was quite nice. There were areas of white ,  light 
blue , and dark blue. The size of the crystals which developed were 
0. 6cm and were gold , white, and blue in color. 
Plate 1 8  is also another ceramic plate. This ceramic piece 
was glazed with crystal glaze XIId. The variations in effect which this 
glaze provided was pleasant. The top surface of the plate came out a 
transparent yellow-brown with gold radial crystal structures. The 
underside of the plate was a somewhat opaque yellow-brown with well 
formed gold circular crystals.  These crystal structures measured 
between 0. 4cm and 0. 7cm in diameter. 
One of the glazes tested in this final firing produced some 
beautifully developed crystals as can be seen in Plate 1 9 .  Plate 19a 
is a detail showing nicely formed blue crystals with white tips measuring 
1 . 0cm to 1 . 5cm. 
Of the ten firings recorded in this paper , this tenth firing 
provided the most crystals and the most variety in their structure, 
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PLATE 1 
Vase with glaze Ild containing 4 . 0% MnO 
Crystal size: 0 . 4cm 
44 
PLATE 2 
Pot with glaze !If containing 1 . 0% Ti02 and 
4 . 0% MnO 
Crystal size : 0 . 3cm 
45 
PLATE 2a 
Detail of pot in Plate 2 
46 
PLATE 3 
Bottle with glaze !If containing 1 . 0% Ti02 and 
4 . 0% MnO 
Crystal size : l. 5cm 
47 
PLATE 4 
Pot with glaze IIm containing 1 . 0% CuO and 
0 . 3% Fe2o3 
Crystal size : 1 . 0cm 
48 
PLATE 5 
Bottle with glaze Illa containing 6 . 0% Rutile 
and 6 . 0% Fe2o3 
Crystal size : O . lcm 
49 
PLATE 6 
Pot with glaze !If containing 1 . 0% Ti02 , 4 . 0% MnO 
Crystal size : 1 . 0-1 . Scm 
50 
PLATE 7 
Pot with glaze IIj containing 0 . 6% Ni 
Crystal size : 1 . 0cm 
51 
PLATE 8 
Pot with glaze Ille containing 7 . 0% Fe2o3 , 6 . 0% Rutile 
Crystal size : 0 . 2cm 
52 
PLATE 9 
Pot with glaze !Io containing 6 . 0% Ti02 , 0 . 6% Fe2o3 , 
and 2 . 0% CuO 
Crystal size : O . Scm 
53 
PLATE 9a 
Detail of pot with glaze !Io 
54 
PLATE 10 
Small bottle with glaze XIIa containing just base 
ingredients XII 
Entire glazed surf ace crystallized 
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PLATE 1 1  
Bottle with glaze XIa containing 1 . 0% Ni 
Crystal siz e:  0 . 2cm 
56 
PLATE l l a  
Detail of Plate 1 1  
57 
PLATE 1 2  
Pot with glaze Xlc containing 2 . 0% Ni 
Crystal size: O . Scm 
58 
PLATE 12a 
Detail of Plate 12 
59 
PLATE 1 3 
Pot with glaze XIId containing 2 . 0% Li2co3 
and 6 . 0% Fe2o3 
Crystal size : 0 . 5-0. 7cm 
60 
PLATE 13a 
Detail of Plate 1 3  
61 
PLATE 14 
Plate with glazes XIIe and Va 
Glaze XIIe contains 6 . 0% Ti02 , 
6 . 0% Fe2o3 and 2 . 0% CuO ; 
Glaze Va contains 3 . 0% CuC03 , 
2 . 0% Rut .  and 3 . 0% Fe2o3 
62 
PLATE 14a 
Detail of Plate with Glazes XIIe and Va 
63 
PLATE 14b 
Detail of Plate with Glazes XIIe and Va 
64 
PLATE 1 5  
Plate with Glazes IXa and Xa 
Glaze IXa contains 1 . 0% chromium 
Glaze Xa contains 2 . 0% CuO 
65 
PLATE 15a 
Detail of Plate 1 5  with Glaze IXa 
66 
PLATE lSb 
Detail of Plate 15 with Glaze Xa 
67 
PLATE 1 6  
Bottle with Glaze IXa and an overglaze o f  Va 
Glaze IXa contains 1 . 0% chromium 
Glaze Va contains 6 . 0% Ti02 , 6 . 0% Fe2o3 , 
2 . 0% CuO 
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PLATE 16a 
Detail of Plate 1 6  
69 
PLATE 1 7  
Plate with glaze Ilk containing 1 0 . 0% Ti02 
and a sprinkle of Coco3 
70 
PLATE 18 
Plate with glaze Xlld containing 2 . 0% Li2co3 
and 6 . 0% Fe2o3 
Crystal size: 0 . 4-0. 7cm 
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PLATE 19 
Bottle with glaze XIIf containing 4 . 0% 
Li2co3 and 3 . 0% Ni 
Crystal size : 1 . 0-1 . Scm 
7 2  
PLATE 19a 
Detail of Bottle in Plate 1 9  
CHAPTER III 
Part 1 :  Summary of Results 
The kiln used in this research of crystalline glazes was a 
Unique Kilns Model 2430 electric kiln. A firing was used which brought 
the glazes to their maturing temperature in seven hours. Once this 
maturing temperature was reached a 1 0  minute soaking period was 
provided to allow all of the glaze ingredients to enter into solution. 
0 The kiln was then shut off and allowed to drop 100 F. , which took about 
twenty minutes. The kiln was then turned on again and the temperature 
was held for three and a half hours with a variance of ± 20°F .  
The following tables provide the reader with an indication of 
the results obtained by the base glazes and their variations during the 
1 0  test firings • 
. When recording the data, if crystals were formed by a particular 
base glaze and/or its variation, the size was recorded. If  there were 
no crystals developed by a base glaze and/or its variation, the word 
'none' was recorded . 
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Table 35 
RESULTS OF VARIATIONS OF BASE GLAZE I 
FOR 1 0  FIRINGS 
Variations of 1 2 3 4 5 6 7 
Base Glaze I 
a .  
b .  
c .  
Variations of 
Base Glaze II 
a .  
b .  
c .  
d .  
e. 
f .  
None 
None 
None 
Table 36 
RESULTS OF VARIATIONS OF BASE GLAZE II 
FOR 10 FIRINGS 
1 2 3 4 5 6 7 
0 . 2  
0 . 2  0 . 3  
0 . 2  
0 . 4  
None 
0 . 3  1 . 5  None 1 . 0- o . s  0 . 8  
1 .  5 
8 9 1 0  
8 9 1 0  
0 . 3  
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Table 36 (cont ' d )  
Variations of 1 2 3 4 5 6 7 8 9 1 0  
Base Glaze II  
g.  None 
h.  None E . S . *  None 
i .  0 . 3  
j . 0 . 4  1 . 0  E . S .  0 . 5  None 
k.  0 . 5  
1. 0 . 5  None 
m. 1 .  0 None None 0 . 3- None None 
1 . 0  
n. None 
o .  0 . 1  None 0 . 5  0 . 5  0 . 2  
p .  None None 
q .  0 . 2  None 
u. None 
* Entire Surf ace Crystallized 
Variations of 
Base Glaze II 
r .  
s .  
Variations o f  
7 6  
Table 3 6  (cont ' d) 
1 2 3 4 5 6 
0 . 3- None 
1 . 0  
Table 37 
RESULTS OF VARIATIONS OF BASE GLAZE III 
FOR 10 FIRINGS 
1 2 3 4 5 6 
Base Glaze III 
a.  0 . 1  0 . 1  
b .  E .  S .  E . S .  
c .  None None 
d .  0 . 1  
e .  0 . 2  
f .  
7 8 9 10 
None 0 . 5-
1 . 0  
7 8 9 10 
1 . 0  
None None 
None 
Variations of 
Base Glaze V 
a.  
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Table 38 
RESULTS OF VARIATIONS OF BASE GLAZE V 
FOR 1 0  FIRINGS 
1 2 3 4 5 6 
Table 39 
RESULTS OF VARIATIONS OF BASE GLAZE VIII 
FOR 1 0  FIRINGS 
Variations of 1 2 3 4 5 6 
Base Glaze VIII 
a.  
Variations of 
Base Glaze IX 
a. 
Table 40 
RESULTS OF VARIATIONS OF BASE GLAZE IX 
FOR 10 FIRINGS 
1 2 3 4 5 6 
7 8 9 10  
0 . 5  0 . 5  
7 8 9 10 
0 . 6-
1 . 0  
7 8 9 10 
E . S .  
Variations of 
Base Glaze X 
a .  
b .  
Variations o f  
Base Glaze XI 
a .  
b .  
c .  
d .  
e .  
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Table 41 
RESULTS OF VARIATIONS OF BASE GLAZE X 
FOR 10 FIRINGS 
1 2 3 4 5 6 7 
None 
Table 42 
RESULTS OF VARIATIONS OF BASE GLAZE XI 
FOR 1 0  FIRINGS 
1 2 3 4 5 6 7 
0 . 1  
8 
8 
0 . 2  
entire . 
pot 
0 . 5  
0 . 1  
None 
9 10 
0 . 1  
9 1 0  
Variations 
Base Glaze 
a. 
b. 
c .  
d.  
e.  
f .  
of 
79  
Table 43 
RESULTS OF VARIATIONS OF BASE GLAZE XII 
FOR 10 FIRINGS 
1 2 3 4 5 6 
XII 
7 8 9 10 
E . S .  
None 
0 . 2  
0 . 5-
0 . 7  
0 . 7  
1 . 0  
Several o f  the base glaze variations produced crystals 0 . 5  centimeters 
in diameter or larger. These glazes were as follows : IIf,  Ilk, Ill,  IIm, 
!Io, IIr, IIs, IIt , Va, VIIIa, XIc, XIId , XIIe, and XIIf .  
To save time and a considerable amount o f  repetition o f  the base 
ingredients of the above mentioned glazes, the base glaze will be given 
with each new glaze. Any subsequent glaze variation will be referred 
to in the following manner : Base + colorent s .  
Base Glaze II 
Pemco Frit P283 
Gerstley Borate 
Zinc Oxide 
Flint 
Whiting 
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1 1 3 . 1 9  
27 . 60 
38. 55 
2 9 . 30 
5 . 32 
Glaze !If - Consists o f  Base II plus 1 . 0% titanium oxide and 
4 . 0% manganese dioxide. 
The crystals produced by this glaze ranged from 
radial-shaped to well formed circular crystals.  The 
largest of which were 1 . 5cm in diameter. 
Glaze Ilk - Base II + 10% titanium oxide. 
The crystals grown from this glaze ranged from white 
on a white and speckled yellow background to clear 
crystals on an opaque white background . The largest 
crystals obtained were 0 . 6cm in diameter. 
Glaze Ill - Base II + 8 . 0% Rutile and 6 . 0% iron oxide . 
Provided 0 . 5cm brown crystals on a transparent brown 
background . 
Glaze !Im - Base II + 1 . 0% copper oxide and 0 . 3% iron oxide. 
The crystals formed were blue-green in color with a 
background of the same color. 1 . 0cm was the size o f  
these crystals .  
Glaze !Io - Base II + 6 . 0% titanium oxide, 0 . 6% copper oxide, and 
2 . 0% iron oxide. 
The background of this glaze was an opaque blue-green. 
On the background were silver primary crystals of 
0 . 5cm and secondary crystals which were tan and 
yellow. 
Glaze !Ir - Base II + 0. 5% nickel and 2 . 0% granular rutile. 
This glaze produced 0. 3- 1 . 0cm radial crystals with 
a hint of blue on a beige background . 
Glaze !Is - Base II + 0 . 6% iron oxide and 2 . 0% copper oxide. 
The crystals formed by this glaze ranged from 0 . 5  to 
1 . 0cm. The glaze was a yellow-green in color with 
crystals of the same color. 
Glaze IIt 
Base Glaze V 
Pemco Frit P283 
Gerstley Borate 
Zinc Oxide 
Flint 
Whiting 
Glaze Va 
Base Glaze VIII 
Pemco Frit P283 
Gerstley Borate 
Zinc Oxide 
Flint 
Whiting 
Glaze VIIIa 
Base Glaze XI 
Ferro Frit 3 1 24 
Zinc Oxide 
Flint 
Lithium Carb . 
Glaze XIc 
8 1  
Base I I  + 10% titanium with a pinch o f  cobalt 
carbonate sprinkled on the pot after being glazed. 
White, blue , and gold radial crystals were formed 
ranging in size from 0 . 6cm to 1 . 0cm in diameter. 
113  . 1 9  
27 . 1 9  
40.50 
21 . 00 
4 . 00 
Base V + 6 . 0% titanium oxide, 6 . 0% iron oxide, and 
2 . 0% copper oxide . 
This glaze formed crystals which were O. Scm in 
diameter and rust-brown in color. 
1 1 3  . 1 9  
27 . 19 
4 2 . 28 
2 1 . 00 
5 . 30 
Base VIII + 10% titanium oxide. 
This glaze formula produced nicely developed clear 
circular crystals on an opaque white background. 
The size of these crystals were from 0 . 6cm to 
1 .  Ocm. 
5 0 . 85 
2 2 . 3 2  
20.83 
5 . 0  
Base XI + 2 . 0% nickel . 
The crystals were radial in structure and randomly 
clustered. Their color was blue on a creamy­
brown background . The crystals were 0 . 5cm. 
Base Glaze XII 
Pemco Frit P283 
Ferro Frit 3 134 
Zinc Oxide 
Flint 
Lithium Carb. 
Glaze XIId 
Glaze XIIe 
Glaze XIIf 
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39 . 15 
1 5 . 45 
2 3 . 7 7  
1 6 . 6 3  
2 . 0  
Base XII + 6 . 0% iron oxide . 
On a flat surface or slightly concaved one, 
radial crystals were formed. On a curved 
surface nicely circular crystals had developed. 
The size of these structures ranged from 0 . 4  
t o  0. 7cm and brown or gold in color. 
Base XII + 2 . 0% rutile,  3 . 0% copper carbonate, and 
3 . 0% iron oxide. 
This glaze grew crystals which were 0 . 7cm in 
diameter. The crystals were green and gold 
in color . 
Base XII + 2 . 0% lithium carbonate and 3 . 0% 
nickel oxide. This last crystalline glaze 
provided l . Ocm crystals. They were circular 
in structure, blue in color with white tips. 
The background was tan. 
Part 2 :  Conclusions Drawn from the Research 
Part 1 of Chapter III give a summary of the results obtained 
from the author ' s  cone 5-6 crystal research. As part of this summary the 
glazes were listed, the number of firings tested in, and whether 
crystals were formed or not. Also those glazes which were producing 
crystals with some consistancy were given. 
In this part of Chapter III , the molecular parts of the oxides 
used in the 12 crystal glazes will be studied. 
By looking at the molecular equivalents of the oxides used in 
the 12 crystal glazes it will be hoped some common facts can be 
discovered about these 12 glazes which were successful . 
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Table 44 
MOLECULAR PARTS OF OXIDES USED 
IN THE 1 2  CRYSTALLINE BASE GLAZES DEVELOPED 
-
RO Group R203 R02 
Alkalines 
Glaze Li2co Na20 Cao ZnO AI..20 B203 Si02 
I . 33 . 24 . 43 . 066 . 200 1 . 90 
II .33  . 18 . 48 . 066 . 200 1 .  90 
III . 33 . 24 . 4 3  . 066 . 200 1 . 64 
IV . 33 . 2 1  . 4 6  . 066 . 200 1 .  64 
v . 33 . 20 . 4 7  . 066 . 200 1 .  76 
VI . 33 . 1 7  . so . 066 . 200 1 .  76 
VII . 33 . 24 . S l  . 066 . 200 1 .  76 
VIII . 33 . 18 . S 2  . 066 . 200 1 .  76 
IX . 3 3  
• 
24 . S l  . 066 . 200 1 .  64 
x . 1 2 . 3 9  . 4 9  . 081  1 . 87 
XI . OS . 2 7  . 1 0  . S8 . 04S . 093 1 . S7 
XII . 12 . 1 1  . 3S . S 3  . 097 . 200 1 . S9 
85 
Crystalline glazes are highly developed alkaline glazes . 
Nine of the twelve crystal glazes tested in this research contained 
. 3 3  molecular parts sodium as their alkaline oxide. The other three 
glazes contained lithium oxide in addition to sodium as an alkaline 
oxide. Glaze X had 12 parts Li203 and . 39 parts Na2o .  Glaze XI 
consisted of . OS Li20 and . 27 Na2o .  In glaze XII the lithium content was 
. 12 parts while the sodium content was . 1 1  parts .  Calcium and zinc were 
the two remaining oxides making up the RO group. The calcium content 
ranged from . 10 molecular parts to . 3 5  molecular parts,  with the maj ority 
of the glazes between . 1 7 and . 24 parts calcium. The range of the molecular 
parts of zinc oxide used was between . 43 and . 58 part s .  
The R2o3 grouping consisted of AL2o3 and B2o3 • Except for 
glazes X-XII the molecular part of alumina used in the empirical formulas 
was . 066. Glaze X contained . 081  parts alumina . Glaze XI had . 04 5  
parts of alumina, while in glaze XII, the alumina content was . 097 
molecular parts .  Eleven o f  the twelve crystal glazes developed contained 
. 200 molecular parts Boric acid (B203 ) .  The twelfth glaze only had 
. 097 parts B2o3 • 
In the R02 grouping, the silicon dioxide ranged from 1 . SV 
molecular parts to 1 . 90 molecular parts .  
A survey o f  Table 44 indicates that the molecular parts of 
the oxides composing the various crystal glazes fall within a narrow 
range. 
Of the twelve base glazes developed, four base glazes appeared 
to provide crystals with some consistancy. These four glazes were II,  
V ,  XI,  and XII. Their empirical formulas are as follows : 
Base Glaze II 
. 3 3  Na20 
. 2 0  cao 
. 47 ZnO 
. 066 AL2o3 
. 200 B2o3 
1 .  90 Si02 
Base 
Base 
Base 
Glaze V 
. 3 3  Na2o 
. 20 cao 
.47 ZnO 
Glaze XI 
. OS Li20 
. 2 7  Na20 
. 10 cao 
. 58 ZnO 
Glaze XII 
. 12 Li20 
. 1 1 Na20 
. 35 cao 
. 53 ZnO 
86 
.066 AL203 
. 200 B2o3 
. 04 5  AL2o3 
. 093 B2o3 
.097 AL2o3 
. 200 B2o3 
1 .  76 Si02 
1 .  57 Si02 
1 .  59 Si02 
From the above mentioned base glazes fourteen crystal glazes 
were developed which had produced crystals ranging from 0 . 5  to l . Scm 
in diameter 
The majority of the glazes tested developed better crystal 
structures when fired at cone 6 ;  with a drop to a holding temperature 
l00°F .  below what the pyrometer read when cone 6 went down; and a holding 
period o f  three and one half hours. 
There were a few glazes , however, that seemed to have provided 
better crystals at cone 5 .  The holding temperature for these glazes 
was also l00°F. below the pyrometer reading when cone 5 dropped. 
The glazes which appeared to work best at cone 5 were !Id, 
Ilf,  and Ilm at a holding period of 6 hours. Glaze !Id formed radial 
crystals (Plate 1 ) , glaze Ilf formed well formed circular crystal structures 
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(Plate 2) . Crystal glaze IIf developed its biggest sized crystals 
at a holding time of seven hours . However, the entire glazed surface 
crystallized and was quite rough, due to the coarseness of these crystal 
structures (Plate 3 ) .  According to Herman (2 : 546) , coarseness of crystals 
and roughened glaze surface indicates an unduly long cooling of the kiln. 
Glaze IIm (Plate 4) obtained nice radial crystals l . Ocm in 
diameter at cone 5 with a seven hour holding time. This glaze was 
tested in other firings but crystals failed to develop . 
It appears that those glazes which produced crystals with some 
consistancy throughout the 10 firings , contained either titanium dioxide 
or lithium carbonate. 
None of the crystalline glazes developed through this research 
produced crystals over l . 5cm. However, these glazes did provide some 
beautifully colored glazes with some interesting crystal structures.  
In this research the first five firings were at cone 5 and the 
remaining five were at cone 6 .  The holding temperature for all ten 
firings were l00°F .  below the temperature indicated on the pyrometer 
when the maturing temperature was reached. The major variable in this 
research was the duration of the holding period. 
Before one can actually determine the maximum crystal size that 
can be produced at cone 5-6 , there needs to be further tests. 
With good facilities and an accurate pyrometer, one can explore 
the effects that variations in the holding temperature has on the formation 
and size of the crystals produced by these cone 5-6 crystalline glazes . 
It is possible that these glazes may not have yet reached their 
maximum crystal size because the exact holding temperature required for 
maximum crystal growth may not yet have been discovered . 
Further experimentation with the variance of the holding 
temperature is just one avenue for the continued investigation of the 
cone 5-6 crystal phenomenon. Another avenue that might be o f  value 
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is determining what are the minimum and maximum ranges for the molecular 
parts of the oxides needed to produce cone 5-6 crystalline glazes. 
A final suggestion as an area for further investigation is 
the possible experimentation with more color variations . 
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